INTRODUCTIon osteomyelitis ('- efined is inflamrn.9tion of the bone marrow or of ~he bone and marrow. It may be either acute or chronic. ":he acute i"orm which i. s usually a septic condition is marked by fever, chills and pain, and is attended with sunpurati on or "t he mectullary cavity. In its most common form it is a blood-born infection, which presupposes that a primary focus must exist. This paper is no~ in~endedto De an ex"tensive symposium on "the snbject, nor is any claim made for originality as to any of the ideas expressed. Ey a review of the history, and a correlation o~ "the anatomical strnctures involved with the pathology of the disease, together with a statement as to the mortality and morbidity rssnlting from the condition, we hope to call attention to the existing mechanisms and the importance of the suhject. An attempt is made to inclurle all the mos"t recent methons o~ treatment with the oninions of some of the nest men as to the proper course to pursue. In spite of the comparative recentness of the recognition of osteomyelitis as a clinical entity, there is good evidence that it is one of the oldest of diseases.
'I'he earliest known diseases to which prehistoric man was exposed were probably those which affected and perhaps helped to exterminate the mesozoic reptiles and later fossil animals. Definite evidence of osteomyelitis is found in fossil reptiles in the topmost strata of the paleozoic. The spine of the Heidelberg man, 7000 B.C., shows signs of Pott's disease. ury occasiona.l mention may be found of cases which were undoubtedly osteomyelitis. As early as 1798, ur. Nathan Smith {London}, trephined a bone which was the seat of an acute osteomyelitis for drainage p"urposes. There is no evidence of the universal employment of bone drainage in the treatment, however, until many years later. (III) In the "Medieal and Surgical Heporter Qf Philadelphia" (1881), mention is made of two cases which were repoDted by Viany in a work edited by him in the latter part of the 17th. century.
1.nA man thirty years of age received a severe blow on the front side of the tibia. At first it appeared to be only an ordinary contusion, but on the 7th. day he was suddenly attaoked by rigors that returned at frequent intervals. His skin became icteric and he died. An abscess was found post-mQrtem and collection of pus in the spongy tissue of the tibia. Ii
Another case was that of a gunshot wound in the lower leg by which the bone was shattered.
2."The bone could not be extracated and he died. The autopsy discovered suppuration in the condyles of the ti bia and an abscess of the liver. tt
After this very remarkable description, the author con- .~.
Luring the 6th., 7th., and 8th. decades of the 19th.
century, the pathology began to be well understood, and there began to be among the medical profession an acceptance of osteomyelitis as a separate and definite clinical entity. The literature of this period is voluminous, with the Germans taking the lead in experimental a.nd observational work. It can not be said of osteomyelitis as in many diseases that our present knowledge is the result of the work and discoveries of one man. it is, rather, the observations and experiences of many_ As this is not primarily a historical paper, only a few will be mentioned.
(VII)
Kocher in 1870 made some of the most important eontributions to the diagnosis and treatment of the disease.
In 1879, he published the results af some of his experimental studies and clinical observations. Three very beautiful colored plates are included in his article. One shows a humerus in longisection with the medullary cavity filled with greenish-yellow pus. The entire structure appears hemorrhagic and contains many areas of necrosis.
A second plate shows a femur with an extensive involvement of the medullary cavity and rupture above the epiphyseal line. the third is a longisection through the knee joint showing destruction of the diaphysis of the femur and rupture into the knee joint. 'l'his is extensively necrosed.
The surrounding soft tissue is filled with purulent material, which, on the anterior surface about two inches above to be impossible to develop a oondition simulating osteomyelitis in older animals. Like older people they were apt to develop an arthritis instead.
As the mechanism of the disease became more olearly understood, the treatment became less radical, and amputations less frequent. Earlier diagnoses were made and adequate drainage gradually became accepted as the general principle of treatment. However, the treatment of osteomyelitis has never been considered a closed subject, and we still find much controversy as to the best methods and principles to employ.
~one is developed from mesenchyme. Either fibrous tissue or cartilage may be formed as an intermediary step.
If from the former, it is known as intermembranous bone, and if from the latter, as intercartilaginous bone.
In the intermembranous development, when the inherent . In this destructive and rebuilding process which is occurring during growth, possibly lies the reason for the increased incidence of osteomyelitis during this period of life.
'l'he process of infect ion in acute hematogenous osteomyelitis is thought to be dependent upon the blood supply of bone. The blood vessels of bone are very numerous.
Those of the compact tissue are derived from a close and dense net-work of vessels ramifying in the periosteum. Organisms brought by blood to bone find their first opportunity to rest at a point where they enter the inter- well known or at least taken for granted that the presence of bacteria. in the circulat ing blood, even for a sllOrt period, is sufficient to infect any local,area. ~t is thought that temporary states of bacteremia are constantly occurring even in conditions of health, and that the natural forces of the body are amply sufficient to overcome these so promptly that no evidence of them is p~rceptible in any way.
Although it is usually impossible to obtain a positive blood culture in early cases, it is frequently possible to do so in the later cases. In most of these the osteomyelitis -11-acts itself as a primary focus, a.nd pours the organisms into the blood stream. General septicemia is common. A large number of different bacteria have been obta.ined after cuI turing pus found at operation. Staphylococcus aureus has been found most frequently~ while streptococcus hemolyticus and viridens occur in a small number of cases.
'fhe pneumococcus and typhoid baccilus are not uncommon.
Each of these give rise to symptoms and general body reactions in proportion to their respective virulences. lxrv)
The sl~fts of long bones are the common sites of involvement with the scapula, clavicle, iliac crest, and spine coming next in order. In 942 cases reported by Hemonem, 380 were of the femur and 338 of the tibia. 'rhe circulatory peculiarities are usually given credit for this predelection.
'rhe infection usua.lly has its primary site in the medulla itself, but in some cases it may be so near the surface that a subperiosteal abscess alone is formed without 2. Abscess formation of leucocytes and the plugging of vessels.
3. The separation of the dead from the living bone, which mayor may not be accomplished by the osteoclasts.
There is round cell infiltration with the endothelioid cell and fibroblasts intermingling to make up the picture.
There must be adjacent living bone to activate the process.
Osteoclasts aid in the separation of some spicules. The fat has an oily appearance. There may be no pus in the inoipient stage, but in twenty-four hours the entire medulla may be filled. '.rha epiphysis is involved in 12% to 15% of cases between the second and sp.yenth day of the disease.
Then this occurs, further growth of bone from the epiphysis may be arrested if actual separation has occurred.
it He continues that the disease is, however, usually limited to the diaphysis due to the epiphyseal cartilage which acts as a block against extension into joints. ' .L1he distention seen in the joint so conwonly is lymph which is outpoured into the synovia. This is entirely a protective mechanism.
-15-Sequestration is explained by the same author in the following manner: "After frank pus appears in the medulla, necrosis usually follows. The inflammatory pressure develops simultaneously with the pus, and causes a shutting off of the blood and nourishing lymph to certain parts. 'i'hese parts die. Medullary sequestration may take place in two weeks while cortical usually takes from four to eight weeks.
Sequestration is accomplished by the osteoclasts which destroy the new useless bone. Solution is a long and slow process which may be aided by. chemical stimulation." (XV.!)
At the start of the process the pus is thin and clear.
This is true even of those caused by staphylococcus aureus.
Later it becomes very heavy and thick,.while in the later stages it is again ·thin and watery.
The formation of new bone beneath the periosteum is hasten~d by the inflammatory process. After three to four weeks the periosteum has the feel and crackling of tissue paper, and gradually the layer of new bone nourished by the periosteum assumes a definite thickness and gradually loses its property of being moulded until in eight to ten weeks a definite shell of new'bone surrounds the dead bone. 'the new involucrum is poor in quality. it is honeycombed with spaces through which pus escapes so as to greatly resemble a piece of latticework. It is also imperfect in its reproduction of the original bone. This is particularly true when no orthopedic devices have been applied to hold it in its original position.
-16- In general it may be said that the predisposing causes aside from trauma may be all included in "resistanoe lowering factors~.
Cold and exposure of a part, exhaustion from overexertion, and weakness from a long period of illness may eaoh playa nart.
The syn{toms of acnte osteomyelitis in its most oommon form are marked. In the early stage, they are those of an aoute int"ection, mild, severe or fulminating in tyPe. A rigor may oocur at the onset, and the temperature often rises to 
It is in the treatment of the disease and management of the case that the greatest argnments arise. The literature of the past three decades is voluminous, with accentuation being placed on early diagnosis and treatment. ~he methods and principles of diagnosis before mentioned in this pa.per are pretty well agreed on by the majority, but in studying the methods of "treatment advanced we find wide discrepancies.
After the advent of Listerism and the definite prodf as to "the bacterial origin o~ the disease, free d~ainage and sensis began to be enroloyed. The mortality lessened as a resnlt and there hegan to be the houe thaI, it soon would be reduced to a negligible percent. SOme thjrty years, however, have passed since these methods first carne jn"to general use, and we find that we still have a mortality rate of 15% in the United states, and anproxjmately the same rate in England.
Upon one princi-r;le of treatment there is a most univers-al agreement. It is that of early incision and drainage. Apparently thera are but few cases that do not reqUire secondary 0pAration. The seqnestra formation mentioned previonsly may be followed by x-ray. Opera~ion thOllld be delayed until this is complete and the 'Patient shonld not be suojected to frequent curettements, as this tends to destroy "the regeneraliing Done marrow and uS11ally fails 'to remove lihe sequestra.
OperaTion in "the second s~age is not an emergency measure, but rather a methodical and ~eaiOUB nndertaking, and to be The metabolic condition Of the patient suffering with acute osteomY"'llitis is uSl1ally far from good.. ':!he calcium content is invariably low, in '('lany cases as low as 4~ milligrams. In the more chronic cases there is a deficiency of red cells, and low hemoglobin. Ultraviolet rBdia~ion has heen found to be effective in these cases.
-29-Usually, as has been men tioned, th'3re is a des'truct ion :e;:;~.
/y/' ~I.~ of blood vess'3ls, and an impairment of oloon snpply 8nd C~ drainage of the P8rt, thus leaving a tissue which is expecially susceptible to invading bacteria. Here diathermy is th011ght to act as a stimulus to th0 growth of small art,erioles and thus aio in the reestablishm-9nt of ch"culation. nain is also relieved by i~s sedative action on n'3rve filaments.
Metabolism is increased ann the arsorption of inflammatory products hastened hy the opening up of blliood and lymph channels.
(XXXII) (XXXIII)
The attention of the public has recently been ca12d, The wonnd is then exposed to the light,· sunshine or eleetric haker.
" " A tem-perat1P"e 0 f 96 to 98 F. is neceRsary to insure the continued activity ot" the maggots. Every third day the wonnd is cleanea thoronghly with "'farm saline a.nct ~ new implantatiori is made. As soon as the wonnd secretions change t'rom a purulent discharge to a thi n, clear serum. the maggot ceases its activity and migrates to the surface. 2. Chisel a window into the affected bone a~ea large enough so that all diseased Qone may be removed and so that there are no overhanging edges of hone over the diseased area. This is to be less extensive in ~cute cases. 8. Finally, the cast is not to be a splint, nor are windows to be cut in the cast until the woun~ dreSSing hecomes necessary. The wound is not to be dressed at all unless there is a rise in temperature or other signs of acute sensis. As a rnle, no dressing is reql1ired at all except on account of odor, and this may not be required for several weeks. In a majority of cases, the patient treated by this method will go through to complete healing with a few dreSSings at intervals of ten days to f'our weeks. The pain developed suddenly, and caused inconvenience in walking, but was only moderately painful. He had been playing tootball, but did not remember having received a blow in this region. X-ray of the region was negative. He was operated Oct. 31, 1931 , and a small amount of pus was found. Itw relation to the hone was not established. The patient ran a septic course and died Nov. 22, twentynine days after admission. Acute osteomyelitis of the left ileum was found at autopsy.
-;64- A male baby, aged 2t year 'S, was br01Jght to the hospital Augnst 15, 1931, complaining of pain in tne righ~ knee, rest~ lessness, crying, poor appetite, and inability to walk. He had humped his knee four days before, but gave no complaints at tha~ time. Two days before admission, he refused to walk and held his knee in a ~lexed posi~ion. Pain was marked over tne proximal lateral side of the tibia. He was opera~ed Aug. 1'1, 1':):51, and a pOCket ot pus was found. The periosteum was somewhat rOl1ghened. Ten days later a sec ond operation was perrormed. This ~ime the medulla was removed, leaving ~he endosteum. Iodine was applied, and parar"fin and vaseline introduced into ~ne cavity. This was allowed to remain for ten days with no dressing. An uneventful recovery fOllowed, and he was dismi~sed from the hospital September tl, l~! 31, three weeks after admission.
Rere prompt operative intervention was used with a sa~is-fac~ory result. The seconq operation might have been avoided if the periostenm had been opened at the time of the first operation.
Case 3. Fatal case of osteomyeli~is of the femur.
A ba.by girl, aged :~, was, brol1gh"t to ~he hospital May 11, 19D1. The -35-complai nts were pain B.nd swelling of the left thi2h. and fever. Three days before, upon awakening in the morning, 'She was unaole to walk. The leg started to swell ~he next day. Traction was applied by the local physician for ~wo days before entrance. The child had maintained a high fever from the onset of the trouble.
Examina'tiion slhowed a swollen and painf'ul thigh and a tiiagnosis of acute osteomyelitis made. The child was operated immedia'tiely, and a large amount of bloody-tinged pus was found enlding from 'tihe upper part of the femur. ~ight holes were drilled in~o 'tihe shaft of the hone. There was no marked increase in pressure. The wound was nacked with vaseline gauze and ~emnorarily closed with silk-worm suture.
The nostouerative pl1lSe was IHO, and ~empe~at.re lO~: This increased unt il death occurred five hours la'tier. Case 4 is presented in detail neceuss or ~he characteristic history, course, and development.
Francis ~reeman, aged 10, was admitted Feb. 19, 19~1. Her complaints a'ti tha'ti time were, 1, pain in ler~ knee region nedially and proximal 'tiO 'tihe jOint; 2, ~ender ness in the lei~ knee region; ~, rever; 4, nansea. and vomiting; 5, pain on standing.
-3b-Two days previously, while playing, she fell, s~riking on the outside of -ene left knee. Noticed no pain at -che time, but a few bours 1a~er, the medial side of tne knee joint became ~ender and soon began to pain when she walked. On Feb. 19-ch., TInon awakening, she was sick at her stomach and vomited. The temperature at ihis ~ime was lU4: She was seen hy an outcall student and d iaenosed as acute osteomyel i ti s. The next day, Feb. 19th., she was brough~ to the hospi La1 with the above complaints.
The history was essentially neg-_ ative, and tnere was no indica~ion ot any recent septic process. Examina~ion showed extreme -eenderness of -ene lert knee with pain on standing. Ther8 was very litt~e swel~ing and some ~ocal heat. CQ~ plete flexion and extension was possiDle but a~ some pain. Her white count on admission was 1~,4UO, wi~h W15tJ polymorphs.
On -ene same day an inclslon was made on the medial surface of the -enigh at i6S dis-eal one-third. The tissue was very vascnlar. The oone was reached a~d ~ive holes were drilled. nus con~~ be seen oozing througn one of ~nem. A rubber tissue drain was inserted, over wnicn several silkworm sutures were placed. Daykin's SO~TItion irrigations were used daily until March 2b, l~~Dl. The temperature gradllal~y r~tllrned ~o mnnnal. An x-rayon March 21 showed consideraD~e invo~ucnlm surrounding tne old cortex Wlt,'1 an incomplete seq~estrum formation.
On Marcn 2b, saucerization was done. A thin layer of involucrum was removed over the anterior sur:face of the remUT. nus was seen to ~e exnd i ng ~hrougt, t ne -previ 011 sly made dril~ holes. The none between these ho~es was removed, and tne cavity -37-• ligntly curet~ect. The cavity was ~iLled wi~h ether ~nd ~he wound packed open ny vaseline gauze. A nosterior mOTIlded ~plint was ap~ -plied. Cre-pi tT!S was nO'Led immediately above tne Knee join~ wnile lirting the leg to apply ~he splin~. The rracvure was reduced and a hip spica plaster aPPlied. On April l4, ~ne originaL paCking was removed.
Improvemen~ was s~eady from this time on, and she was dismissed May 2b, ·1~31.
A more classical case COULd scarcely be imagined. It is typical ln the a.ge of the patlen~, mor'!e 01 onse~, physical and operative rindings, and grad.ual recovery. 1't presen'ts a good example of the succesRIul termination of the acute form when a prompt diagnosis is made and prompt drainage secured.
These cases arc illustrative of the variance of the disease, and impress one with the great seriousness of the condition. They serve to emphasize to us the importance of early diagnosis and su.rgical d.rainage, and that the mortality could be considera~ly lowered if the recognized pro-' eedures in handling the cases were followed.
With the foregoing facts in mind, then, we make the following conclusions: 4. The high mortality of the disease is particularly due to the fact that the diagnosis is rarely made in the early stage t due to the infrequency of the cond ition, rut that diagnosis is not difficult if the diseasel:le kept in mind.
5.
That early surgical drainage is essential in the acute fl1lmonating type and that the Orr method is definitely better than pre-existing procedures.
6. The high mortality and protracted morbidity, d.espite recent improvement in methods of· treatment, force us to conclude that there is still much room for advancement in the methods of handling these cases. Th'e opinions of numerous authors expressed in the literature of the past decade are so marked in variance that one is led to believe that the problems involved in acute osteomyelitis have not all been solved.
-39-
